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89$8252 Flash 
Microcontroller Board 


platform for the Microcontroller Basics course 





Design by B. Kainka 


A microcontroller board that serves as the foundation for a programming 
course must be easy to use while still having all the ingredients of a mod- 
ern microcontroller with its peripherals. This makes such a board inter- 
esting for old microcontroller hands as well! 


Anyone who wants to convert his 
own ideas into circuitry will usually 
achieve the desired result more 
quickly with a microcontroller than 
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developed the new Flash Board. The 
flash program memory and a well- 
considered system design ensure 
easy and fast programming. 

Our criteria for a new microcon- 
troller board were based on the fol- 
lowing objectives: the circuit to be 
developed should meet the needs of 
beginners as well as experienced 
users; the system should be designed 
from the start to handle various pro- 
gramming languages, including 
assembler, BASIC and C; and further- 
more, the system should be easily 
extendible and easy to program. In 
addition, a program that has been 
transferred to the board should be 
retained when power is switched off, 
in order to avoid the tedious process 
of (re)programming EPROMs. This 
means that the board should also 
serve as a device programmer. 
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There are many different types of 
microcontrollers with internal EEP- 
ROM or flash memories, which in 
principle promise easy programma- 
bility. What should we choose — a 
PIC, a 68xxx-series microcontroller, 
an AVR or an extended 8051 device? 
The difficult question of which type 
of microcontroller to use was decided 
in favour of the 8051 family. There 
were good reasons for this choice. 
Most other types of microcontroller 
are only made by a single company, 
which in the worst case can make 
them difficult to obtain. The 8051 
family, by contrast, can justifiably be 
regarded as an industry standard, 
since many different companies pro- 
duce derivatives of the standard 
device originally developed by Intel. 
This means that if we have devel- 
oped some kind of device and then at 
some point company A can no longer 
supply the part, we can easily switch 
to a microcontroller from company B 
or company C. Furthermore, there is 
an abundance of software for the 
8051 family and a wealth of available 
literature. Consequently, if we choose 
the 8051 standard there is not very 
much that can go wrong. This is still 
true, even though new concepts 
have since been developed. 

The Atmel AT89S8252 device that 
is used here (see Figure 1) corre- 
sponds to an 8052 in the essential 
areas. This means, for example, that 
the well-known BASIC-52 interpreter 
can be run on this IC without any 
problems. There are also a few addi- 
tional features to gladden the devel- 
oper’s heart. For instance, there is an 
internal watchdog and a data EEP- 
ROM with a capacity of 2 kB. How- 
ever, the decisive factor is the 8-kB 
program memory using flash tech- 
nology. The programming circuitry 
for this memory is also contained in 
the IC. It is not even necessary to 
use a special programming voltage; 
the normal 5-V supply voltage is suf- 
ficient. Programming takes place 
serially and synchronously via an SPI 
interface. Only a few leads are 
needed to load a program into the 
internal flash memory area. 


The board 


The Flash Board adds 32 kB of RAM, 
an LCD interface, a serial interface 
and a programming interface to the 
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basic microcontroller. In addition, 
there is a prototyping area on the 
board with 130 solder pads. Other 
extensions, ranging from simple 
motor drivers or sensors to complete 
interfaces, can thus be easily fitted 
onto the board. The full address and 
data bus and all of the ports are 
accessible via pin headers. Conse- 
quently, the system can be extended 
in practically any desired manner. 
The printed circuit board has two 
DB9 sockets. One of these is used for 
communications via the serial inter- 
face. Like every other microcontroller 
in the 8051 family, the 89858252 has 
an internal UART that can be con- 
nected via a MAX232 interface driver 
IC to a PC COM port (for example). 
What the PC does with this link — 
transmitting control commands to 
the microcontroller, querying mea- 
surement data or communicating 
with the internal Basic interpreter — 
depends entirely on the user and the 
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89$8252 Flash 
Micro board 
specifications 


— 32 kB RAM 

— 8 kB Flash program memory 

— 2 kB EEPROM data memory 

— internal watchdog timer 

— serial interface 

— programming interface 

— supply voltage: 9-1 2V, on-board 5-V volt- 
age regulator 

— LCD interface 

— all bus lines brought out to pin headers 

—all port leads brought out to pin headers 

— prototyping area for extension circuits 


software that is employed. 


MICROCONTROLLER 


The second DBY socket (COMZ2) is used 
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Figure |. Block diagram of the AT89S8252 microcontroller. 


exclusively for programming the microcon- 
troller. A PC connected to this interface can 
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Figure 2. A classical, well-configured microcontroller system. 


reset the microcontroller, switch it to pro- 
gramming mode, download a program and 
start the program. The complete board can 
thus practically be used under remote control. 
It could be located in an inaccessible place, 
for example, and still be easily reprogrammed. 

The first DB9 socket (COM1, K1) is for con- 
nection to a serial interface port of a PC. On 
the PC, the user writes and compiles his pro- 
gram, transfers it to the microcontroller and 
tests it on the Flash Board. Connector K1 
only has to be used if the transferred pro- 
gram needs to communicate with the PC. 
Here there are two options: you can either 
swap the interface cable to the other con- 
nector or use two COM ports on the PC. This 
is possible with many PCs if two COM ports 
are present and the mouse uses a PS/2 con- 
nection or works on the USB. Using two COM 
interfaces in parallel often proves to be espe- 
cially practical and convenient. Programming 
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and testing can be done interac- 
tively if the necessary tools can be 
used in parallel. 

The circuit, which is shown in 
schematic form in Figure 2, is largely 
based on standard designs for 8051 
systems. A 74HCT573 address latch 
(IC3) provides the lower eight 
address bits for the 32-KB RAM 
(IC4). Since the /CS line of the RAM 
is connected to address line A15, 
this memory occupies only the range 
O-7FFFh, leaving the upper range 
(8000h and above) free for exten- 
sions. The WR line, which controls 
write accesses, is driven directly by 
the processor. By contrast, the signal 
for the OE line (for read accesses) is 
generated as the logical AND of the 
PSEN signal (for accessing program 
memory) and the WR signal (for data 
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accesses), using two 74HCTOO gates 
(IC5). 8051 microcontrollers normally 
use common, parallel address ranges 
for the program and data memories, 
but this splitting has been abolished 
here. Although in most cases the 
microcontroller will use the internal 
8-KB flash PROM as program mem- 
ory and only store data in the RAM, 
it is still possible to use program rou- 
tines located in regions of the RAM 
above 2000h. Since the same regions 
can also be accessed as data 
regions, it is possible to write self- 
modifying programs, in which the 
processor writes its own code in the 
RAM and then executes it. 

The internal EEPROM of the 
microcontroller is actually a pure 
data memory configured in parallel 
with the external RAM. The EEP- 
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ROM must be activated by soft- 
ware. Once this has been done, the 
EEPROM can be used for non- 
volatile data storage. In this case, 
the lower 2 KB of the external RAM 
are inactive. 

The LC display is also connected 
to the data bus and occupies a 
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region above 8000h. A NAND combi- 
nation of RD and WR produces the 
Enable signal for the display. A sim- 
ple diode-logic circuit blocks this sig- 
nal in the address range up to 
7FFFh. 

The display thus occupies the fol- 
lowing addresses: 














Figure 3a. Printed circuit board layout and ... 
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8000h: write command 
8001h: read command 
8002h: write data 
8003h: read data 


These regions are mirrored up to FFFFh, so 
the region from FOOOh to F0O3h can also be 
used. 

As usual, the serial interface (consisting of 
the TXD and RXD leads) is linked to the PC 
connector via a MAX232 interface IC. No 
handshaking is used. The internal intercon- 
nections of the handshake lines accommo- 
date the needs of certain terminal emulator 
programs that expect to see signals indicat- 
ing that the connected device is ready to 
receive data. 

Assembling the Flash Board is quite sim- 
ple and should not take longer than an hour. 
You should use good-quality sockets for all 
ICs, which means that later you will have to 
pay attention to the correct orientation of the 
ICs (as with the polarisation of the elec- 
trolytic capacitors and diodes). Either a dou- 
ble-row 34-way boxheader or four 8-way SIL 
pinheaders are fitted in position K8. The two 
middle pins are not used and in the case of 
the boxheader must be clipped off to allow 
four 8-way single-row cable sockets to be fit- 
ted side by side. 


Programming 


The programming interface of the microcon- 
troller employs an SPI interface using the fol- 
lowing leads: 


64K 


1/O range 
8000h ... FFFFh 


32K 


ext. RAM, 
0000h ... 7FFFh 


ext. RAM, 
2000h ... 7FFFh 


Flash-ROM 
programs 
0000h ... 1FFFh 





2K 
EEPROM 0000h ... 7FFFh 


data area 


program area 
010208 - 13 


Figure 4. The internal and external memories of 
the microcontroller board. 
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SCK (P1.7) clock line 
MISO (P1.6) data read 
MOSI (P1.5) data write 
RST reset line 


Programming takes place when the Reset line 
is active. The programming tool thus estab- 
lishes a Reset state and then writes the data 
via the MOSI line, with each bit being trans- 
ferred to a shift register inside the processor 
by a clock pulse on SCK. In the same manner, 
the MISO line can be used to verify successful 
programming or read out a program. All sig- 
nals are generated directly via RS232 lines 
that provide voltage levels of +10 V. This 
means that an adaptation to the 5-V level of 
the processor is necessary. The free half of the 
MAX232 looks after the level conversion for 
the data lines (MOSI and MOSO). The clock 
and reset signals, on the other hand, are con- 
ditioned using Zener diodes for voltage limit- 
ing and tri-state buffers contained in IC2 


Connector K8 
pin functions 


Pin Function 
l GROUND 
2 AI5 

3 GROUND 
4 Al4 

5 +5V 

6 Al3 

7 +5V 

8 Al2 

9 ALE 

10 All 

|I PSEN 

12 AIO 

13 WR 

14 A9 

I5 RD 

16 A8 

I7 NOT CONNECTED 
18 NOT CONNECTED 
19 AD7 

20 A7 

2l AD6 

22 A6 

23 AD5 

24 A5 

25 AD4 

26 A4 

27 AD3 

28 A3 

29 AD2 

30 A2 

3| AD | 

32 Al 

33 ADO 

34 AO 
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(74HC126). This takes into account 
the fact that the port pins in ques- 
tion can naturally be used for other 
functions in a user-written micro- 
controller program. The program- 
ming interface is therefore com- 
pletely disabled if it is not needed. In 
this case, the buffers are in a high- 
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Figure 3b. ... component layout. 


COMPONENTS LIST 


Resistors: 
RI,R2,R6,R7 = 27kQ 
R3,R5 = IkQ 

R4 = 47kQ 

PI = 10kQ preset H 


Capacitors: 
Cl,C2 = 22pF 


C3,C5,C6,C14,C15 = 100nF ceramic 


C4,C7-Cl | = |OuF 63V radial 
C12 = 1000uF | 6V radial 
Cl3 = 100uF IOV radial 


Semiconductors: 

D1,D2 = zener diode 4V7, 500 mW 
D3 = BAT85 

D4 = IN400! 

ICI = AT89S8252 24PC 


impedance state and are thus effec- 
tively not present. These buffers only 
become active when a processor 
reset is executed via the DTR line, 
but they are not enabled when a 
Reset is triggered by the pushbutton 
on the circuit board. A buffer stage 
in the 74HC126 operates in parallel 









IC2 = HC126 
IC3 = 74HCT573 
IC4 = 62256 120 ns 


ICS = 74HCT00 
IC6 = MAX232 
IC7 = 7805 


Miscellaneous: 

KI,K2 = 9-way Sub-D socket 
(female), angled pins, PCB mount 

K3 = |14-way boxheader 

K4-K7 = 8-way SIL pinheader 

K8 = 34-way boxheader 

K9 = socket for mains adaptor 

SI = pushbutton, make contact 

XI = 11.0592 MHz quartz crystal 

PCB, order code 010208-| 

Disk, project software, order code 
010208-1 1 
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Figure 5. The download program. 


Vee —C 


a 
-> 


LED 


P1.3 —( 


010208 - 15 


Figure 6. Initial testing with a LED con- 
nected to a port lead. 


with the Reset button. Effectively, an 
open-drain p-channel FET acting like 
a second Reset button is driven via 
DTR. The Reset signal is thus 


J FlashTASH Shell 


Open | Save Save as || 





actively pulled high but never 
actively pulled to ground. This is 
possible because the input to the 
buffer is permanently connected to 
Veco, With the Enable input being dri- 
ven by the programming interface. 
Programming the microcontroller 
is a relatively complex process, in 
which certain control bytes must 
first be transferred. However, the 
user does not have to worry about 
this, since a ready-made Windows- 
based programming tool is available. 
This program (MicroFlash.exe) can 
be found on Readers Services 
diskette 010208-11, and it can also 
be downloaded from the Elektor 
Electronics website on the Internet. 
Using the program is simple. You 
only have to activate the desired 
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interface (COM1 or COM2) and then select 
the file format (Intel hex or binary). Following 
this, a file selection window opens to allow a 
suitable program file to be chosen. Program- 
ming starts after the file has been selected, 
with progress being displayed in the text 
window. When the transfer is finished, the PC 
program automatically switches the micro- 
controller to the Run mode and thereby starts 
the execution of the program. 


The first test 


The first sample program is located on the 
same diskette. This program, which is called 
Flashtest1.hex or Flashtest1.bin, contains a 
short program loop with incrementing port 
output values. After it has been transferred 
to the microcontroller, you will see rectangu- 
lar signals on all of the pins of Port 1. If you 
have an oscilloscope available, you can eas- 
ily see whether everything is working prop- 
erly, but even a simple LED with a series 
resistor can be used for this purpose. If you 
connect this test aid between V,, and the 
various pins of Port 1, you should see the LED 
blink at a slow rate on P1.7, with the rate 
doubling for each of pins P1.6 through P1.0 in 
turn. We have also written this sample pro- 
gram in assembly language (flash1.asm). The 
following is the listing of this version of the 
first sample program: 


> testl flash #include 8051.H 
.org 0000Hmain mov a, #00next 
mov Pl,a mov r2,#255l00p1 
mov r3,#20loop2 djnz r3,loop2 
djnz r2,loopl 
inc a 


sjmp next 
-end 


Once the board has been successfully tested, 
you are ready to start developing your own 
programs. Here you can make use of already 
existing development tools. No matter 
whether your use assembly language, BASIC- 
52, Pascal or C for program development, the 


iflash1i.asm) 0000 ; testi flash Flash Board will play along. 
PN By the way, if you use BASIC-52, in a cer- 
. equ 0090H 0000 Pi .equ OS0H s . . 
0000 tain sense the roles are reversed. This is 
mov a, #0Fh oooo0 main mov a, #0Fh . . 
a Toa 0002 m Pia because the interpreter treats the Basic pro- 
pe nae oe ee grams as data. The interpreter itself is an 8- 
0006 kB program file that is directly loaded into the 
: Number of errors = 0 i . í 
microcontroller. It is derived from the leg- 
endary BASIC-52-AH, and Intel have released 
it for general use. This software can therefore 
be distributed via the program diskette or the 
Internet. An improved version, called Basic- 
52 V1.3 (see the February 2001 issue of Elek- 
tor Electronics), is now available and can also 
be used. A bit of patience is necessary when 
downloading the program to the microcon- 
troller, since transferring 8 kB serially and 


; testi flash 





Listing |. This assembly-language program causes the LED to blink. 
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loading the data byte by byte into the flash 
memory takes around a minute. If you wish, 
you can use the system permanently as a 
BASIC computer. However, the BASIC pro- 
grams will not be retained when power is 
switched off, since they are contained in the 
RAM. If you wish to develop software for 
long-term use, you should use assembly lan- 
guage or C. 

Not all applications require the use of a 
RAM. In particular, simple assembly-lan- 
guage programs can frequently manage with- 
out RAM. In such cases, the board can be 
used in a partly populated version with only 
IC1, IC2 and IC3. For a finished application, 
the population of the board can be reduced 
even further, since all that is necessary is the 


microcontroller (IC1) — here we have 
a true single-chip application. Of 
course, you can also go a step fur- 
ther by removing the programmed IC 
from its socket and fitting it to its 
own printed circuit board. In this 
case, the Flash Board serves as both 
a development system and a device 
programmer. 

A simple example can illustrate 
this technique. Suppose you want to 
develop a small robot that is con- 
trolled by a microcontroller. You start 
by building the necessary sensors 
and drivers on the prototyping sec- 
tion of the Flash Board, following 
which you develop the control pro- 


gram. As soon as this works to your 
satisfaction, you can remove the 
microcontroller from its socket and 
make a printed circuit board specifi- 
cally for the robot (as small as possi- 
ble, naturally). Here the microcon- 
troller does not need much more 
than a crystal and a few capacitors. 
While the robot is automatically 
making its rounds on the carpet, a 
new microcontroller in Flash Card 
development board can be awaiting 
the next assignment. Maybe this 
time it will be a special piece of mea- 
surement equipment for the elec- 
tronics lab... 

(010208-1) 


The following programming languages will be used: 


Course preview: 
Microcontroller Basics 


Naturally, there are there always new generations of people 
interested in technology, but even experienced electronics enthu- 
siasts can always learn something new. Recently, many people 
have asked Elektor Electronics for advice on learning the basics of 
microcontroller technology. Our answer takes the form of the 
new Microcontroller Basics course, which will commence with 
the January 2002 issue and is presently planned to run over six 
issues. 

Although there are already many books on this subject and the 
Internet is full of concrete applications, in most cases a certain 
basic knowledge is assumed. For a beginner, it is difficult to know 
where to start and how to proceed. Which controller should you 
use, for example, and which software? What are the limitations 
of particular systems, and which programming language is suit- 
able for a particular application? The Microcontroller Basics 
course is intended to clarify the murky waters of microcontroller 
technology. 

The course used the Flash Board system described in this issue, 
which provides many possibilities for utilising a variety of pro- 
gramming languages. Assembly language, BASIC and C will be 
used in the course, so that everyone can compare the strengths 
and weaknesses of these languages. However, the course will not 
just be an introduction to programming languages, but will also 
concentrate on typical examples of microcontroller applications. 
Techniques and procedures for measurement systems, con- 
trollers and control systems will also be discussed, as well as the 
special features of the controllers used and the general character- 
istics of the 8051 family. 

What advantages can be gained from participating in this course? 
Here we attempt to briefly summarise the possible benefits: The 
user receives a thorough introduction to the general techniques 
of microcontroller applications, including memory utilisation, 
using ports and interfaces and driving complex peripheral ICs. A 
fundamental comparison of various programming languages pro- 
vides the student with a sound basis for deciding on the choice of 
appropriate tools. The programs developed during the course 
can be used with almost any desired 8051 -based system. Course 
participants will be increasingly able to use microcontrollers to 
implement their own ideas. 


— assembler (specifically, the well-known TASM shareware 
assembler with a superimposed Windows interface) 

— BASIC-52 (including the new Version |.3, with Windows-based 
editor and terminal emulator programs) 

— The free Rigel Reads5 | C compiler, which also runs under Win- 
dows. 


If your curiosity has already been aroused, you can directly down- 
load the Reads5| software via the Internet from the following 
site: http://www.rigelcorp.com/. The Rigel Corporation, which is 
located in Gainesville, Florida (USA), produces microcontroller 
products for the educational market, among others, and supports 
these products with software that can be used free of charge for 
non-commercial purposes. They have been kind enough to grant 
Elektor Electronics permission to use this software for the Micro- 
controller Basics course. The basic terminal emulator program 
(RbHost) and the extensive information to be found on the Rigel 
home page also deserve recommendation. 

The Microcontroller Basics course will use these three program- 
ming languages in a comparative manner, which means that the 
same or similar problems will be solved using all three languages. 
Course participants can thus compare the special features, 
speeds, programming styles and other aspects of the various lan- 
guages. Although the definitive list of the course contents is not 
yet available, the major subjects have already been outlined. The 
main headings are: 


— Getting started with programming languages; port accesses, 
timing loops 

— Using the serial interface 

— Using the 805 | timers, counters, frequency counter and PWM 
mode 

— Driving an LCD; text output module with RS232 

— Connecting and driving A/D and D/A converters 

— Extensions: the I2S bus, port expanders, A/D and D/A convert- 
ers, real-time clock 

— Special features of the 8988252; internal 2-kB EEPROM and 
watchdog timer 
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